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AF_., is the aerosol forcing
T Is the aerosol layer optical depth (AOD)
AF,_.. /T is the aerosol forcing efficiency

Aerosol Intensive Properties
B is the average upscatter fraction
w Is the aerosol single scattering albedo (SSA)

Surface Properties
R IS the surface albedo

Atmospheric Properties
T.:m 1S the transmittance of the atmosphere above the aerosol layer
A4 1S the cloud fraction

Solar Properties
S, IS the solar constant

Average upscatter fraction g and asymmetry parameter ASY are
related for the Henyey-Greenstein (HG) phase function as

1 —ASY(_l , 20 +AsY) f /2 B= —0.2936 ASY? + 0.2556 ASY? — 0.4489 ASY + 0.5043
T 0

B= (1 — ASY?2sin%0)~0> dG)

Rewrite Aerosol Radiative Forcing Efficiency as linear function of w
AFaer
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Table 1. Calculated T,,,, and R, for SSA varying simulations from the linear fitting curves.
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Conclusions:

A simple analytical equation is a good way to understand the effects of
various parameters on aerosol forcing. Here, we have tested the
analytical equation derived by Chylek and Wong (1995). We have found
that the equation works well in terms of the functional relationship, but that
the global atmospheric transmittance and the surface albedo (two
parameters in the equation) need to have unrealistic values, especially for
all-sky (i.e., cloudy) aerosol forcing estimation, in order to yield accurate
aerosol forcing estimates. The two parameters would need to have more
reasonable (still unrealistic for surface reflection) values if the equation is
used for estimating clear-sky aerosol forcing. This means that if the user
of the equation uses the previously-known (observationally based)
parameter values, the estimated forcing would be erroneous, especially
for all-sky aerosol forcing.

Acknowledgements
This study was funded by the Korea Meteorological Administration Research and Development
Program under Grant Weather Information Service Engine (WISE) project (#: KMA-2012-0001), with

* N
g SR %)
_aor" ;.7.-’
P - ‘.-

MODIS im
Southern California wildfires
(26 Oct. 2003)

« Ly AT L= S - TN .
W s Padua/Grand Prix Ol o
; L o : ‘ Q’-‘: S fade -

A e/ o bt —

4 Ly -

. ey e
*

) A e ) Sy, - Y . £
o0 " m d - o . - - . - _
: - ’ .. . 2 . A
lLos‘AnGeles ~ RiveRREGRE A"
B - b = J » - _"".'
,’ : ) v ol 3

- \ . 1 . -
. " - 2 - 4 ‘- - - s
3 L . = T P — ‘ -‘— -_— » ",""
¥ B et TijDanai-5e
> 2 . < ¥, -
-~ ’ b 1Y 4
. i a S . ™

1 . (‘; 4

Using the Global MACR (Monte-Carlo Aerosol Cloud Radiation) Model to Test the Analytical Equation

Aerosols Make the Earth Look Whiter or Darker?
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Table 2. Comparison of global average T_,,, and R, values.
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Results from the MACR model (in blue mark) and from the analytical equation (in red line). (a)
Cloudy-sky condition with an ASY of 0.7; (b) cloudy-sky condition with an ASY of 0.63; (¢)

cloud-free condition with an ASY of 0.7; and (d) cloud-free condition with an ASY of 0.63. The

analytical equation results shown in each panel are based on the values of the two parameters
(i.e., surface albedo and atmospheric transmittance) in Table 1. These parameter values result

from the linear fits of the analytical equation with the MACR model output. The goodness of the

linear fit 1s shown in each panel, where SSE values closer to zero mean a better fit.
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